An exact equation of the isochromatic fringes of uniaxial crystals derived without usually adopted simplications is presented. It enables to calculate the optical conoscopic gures for ideal crystals with dierent angular orientations of the optical axis with respect to the normal to the crystal surface. Conoscopic gures of large-size single crystals of lithium niobate and paratellurite were examined experimentally making use of a laser-based setup. The conoscopic gure evolution in operating acousto-optic devices was studied.
Introduction
The method of conoscopy serves as a well-known approach for the characterization of optically anisotropic crystals. It permits to determine such characteristics of a crystal as category, optical sign, angle between optical axes of biaxial materials, orientation of the normal of a sample with respect to the crystallographic directions [13] . This method enables to reveal anomalous uniaxiality in cubic crystals or biaxiality in uniaxial ones.
In addition, it makes possible to estimate the mechanical stresses causing changes in the optical indicatrix [3, 4] .
The recent increasing interest to the method of conoscopy is related to its new potential capabilities of application in the study of optical eects in liquid crystals, nanostructures, in mineralogy, biology, holography [58] .
Up to date the prevailing experimental implementation of the conoscopic method is based on the exploitation of polarized microscopes which are of limited use with regard to large-size objects. Small focal lengths and angular apertures of optical microscope set limits to the number of observable isochromates. In the last decades the researchers started to use lasers for conoscopic observations [911] . Laser ray is transformed into a bundle of conical shape producing the conoscopic pattern on a screen after passing through the sample. With this provision it becomes possible to form the images of high-order isochromates gaining the information on the optical homogeneity in the interior of bulk crystals.
The correct interpretation of the experimental pattern depends on the validity of the theory describing the shape of isochromates of dierent orders. Analysis of the available publications on this matter shows that even the simplest case of uniaxial crystals rests on a number of approximations resulting in uncertainties regarding to the shape of isochromates [2, 3, 9, 1214 ]. Born and Wolf in their monograph [15] relied on a minimum of simplications and arrived at a conclusion that the isochromates of uniaxial crystals correspond to curves of fourth order.
In more recent papers based on some additional approximations the authors arrive at a conclusion that isochromates are described by curves of second order [2, 3, 7, 9, 1214 ]. The available experimental or calculated isochro- In the present work we study the optical uniformity of large-size lithium niobate and paratellurite crystals by the method of laser conoscopy. Furthermore we calculate the changes of refraction indices and estimate the mechanical stresses responsible for the distortion of isochromate shape in the interior of the specimen.
Isochromate equations for uniaxial crystals
The exact expression for path dierence ∆, at which the waves interfere to a maximum has the form [15] :
where m is the maximum order, λ is the wavelength in vacuum. The angles of refraction β are unknown and should be determined.
For exact determination of the isochromate coordinates in the XOY plane perpendicular to the axis of conoscopic system the crystal physical coordinate system xyz is transformed in accordance with Fig. 1 showing the crystal in the shape of rectangular parallelepiped, cone of rays falling onto the crystal, wave vector of the normal m, wave vector l of the ray falling at an angle α, wave vector k of the extraordinary wave refracted at an angle β e in the crystal, coordinate system XOY in the (84) plane of the screen with a point (X , Y ) belonging to some isochromate, angle ψ between the normal m and crystal optical axis z, and projection lens with a focal length f . The axis Y at the screen corresponds to the projection of optical axis z. xyz is the physical coordinate system of the uniaxial crystal, XOY is the coordinate system in the plane of the screen, f is the focus length of the projecting lens.
The equation which may be named as equation of the conoscopic pattern of an uniaxial crystal has the following form:
where
Equation (2) is convenient for computer calculations of the isochromate shape of any order with arbitrary angles ψ between the optical axis and normal to the crystal, and also for the examination of the dependence of conoscopic gures on other experimental parameters.
To nalize the theoretical question of the order of the isochromate curves for a general case of an arbitrary angle ψ between the optical axis and normal, Eq. (2) should be reduced to a canonical form
Thereby it is seen that in the general case the isochromates are described by the equation of eighth rather than second order. Only in some particular cases the isochromates may be described by second order curves circles and hyperbolae. At intermediate angles ψ the calculations give the isochromate shapes of the appearance different from that of second order curves. Moreover, they have dierent shape for dierent orders of m and depend on the incidence angle of light α. (diameter 65 mm) were chosen as objects of study.
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High sensitivity of the conoscopic gures to the gradient of refraction indices caused by nonuniform heating of operating elements makes it possible to observe the arising of anomalous biaxiality in uniaxial crystals. Figure 3 shows the changes in the rst order isochromate in the conoscopic gure of paratellurite single crystal serving as an acousto-optic line of a working deector. The estimates of mechanical stresses σ in the crystal volumes with anomalous biaxiality angle 2V α between the induced axes [3] give the values of ≈ 2 × 10 • . This factor should be taken into account in the design of corresponding devices.
Conclusion
The high sensitivity of isochromates to the crystal defects and optical anomalies in uniaxial crystals suggests to use the conoscopic method for optical quality testing of acousto-optical crystals, in particular, in situ control of optical anomalies arising due to heating by external high-power lasers in addition to self-heating of the device.
The presented mathematical apparatus developed during the derivation of isochromate equations makes it possible to describe the conoscopic gures and their anomalies due to refraction indices variations and mechanical stresses in real crystals.
